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Janus transition metal dichalcogenides (TMDs) lose the horizontal mirror symmetry of ordinary
TMDs, leading to the emergence of additional features, such as native piezoelectricity, Rashba ef-
fect, and enhanced catalytic activity. While Raman spectroscopy is an essential non-destructive,
phase- and composition-sensitive tool to monitor the synthesis of materials, a comprehensive study
of the Raman spectrum of Janus monolayers is still missing. Here, we discuss the Raman spectra of
WSSe and MoSSe measured at room and cryogenic temperatures, near- and off-resonance. By com-
bining Raman data with calculations of the phonon dispersion and using symmetry considerations,
we identify the four first-order Raman modes and higher-order two-phonon modes. Moreover, we
observe defect-activated phonon processes, which provide a route toward a quantitative assessment
of the defect concentration and, thus, the crystal quality of the materials synthesized. Our work
establishes a solid background for future research on material synthesis, study and application of
Janus TMD monolayers.
INTRODUCTION
Over the past decade, TMD monolayers have emerged
as a unique playground for exciton photophysics due to
∼0.5 eV-high exciton binding energies [1, 2], strong light-
matter interaction [3, 4], optically addressable valley-
contrasting spin physics caused by broken inversion sym-
metry [5] and large spin-orbit coupling [6]. Further stud-
ies also revealed the presence of quantum light emitters
[7–12] and evidence of strongly correlated phases such
as superconductivity [13, 14], exciton and polaron Bose-
Einstein condensation [15, 16]. Integrability on conven-
tional silicon photonic technology [17, 18], large-area fab-
rication [19–21] and deterministic positioning of quantum
emitters [22–24] widen the impact of TMDs to optoelec-
tronics [25] and energy harvesting [26] as well as appli-
cations exploiting valleytronics [27, 28], spintronics [29–
31], and quantum photonic properties [32, 33]. In addi-
tion, new functionalities and physical phenomena appear
when stacking monolayers of TMDs on top of each other,
forming artificial metamaterials held together by van der
Waals forces [34]. Such heterostructures host long-lived,
tuneable dipolar interlayer [35] and trapped moire´ ex-
citons [36–39], offering a rich playground for few- and
many-body phenomena [40–46] placing them as candi-
dates for a platform for solid-state quantum simulation
[47].
In contrast to conventional, mirror-symmetric TMDs
with stoichiometric formula MX2 (where M is a transi-
tion metal and X is a chalcogen), Janus TMD monolay-
ers MXY are formed when the crystal plane of transition
metal atoms is sandwiched between two planes each made
of a different chalcogen atom X and Y . This breaks mir-
ror symmetry along the direction perpendicular to the
plane of the 2D material, reducing the overall symme-
try of the crystal, and gives rise to an intrinsic electrical
dipole in the unit cell created by the difference in elec-
tronegativity between top and bottom chalcogen atoms
[48]. Consequently, theoretical studies predict the ap-
pearance of a multitude of physical phenomena such as
piezoelectricity [49, 50], enhanced photocatalysis [51–54],
Rashba splitting [55–57], and the presence of topological
phases [58].
With first reports on the successful synthesis of Janus
monolayers of MoSSe having appeared in 2017 [59, 60]
and, to our knowledge, only one report of the growth
of Janus monolayer WSSe as well as Janus heterostruc-
ture assembly [61], most of these effects are experimen-
tally still largely unexplored. Inelastic light scattering is
a powerful, non-destructive tool to gain insight into the
structural and electronic properties of materials [62, 63].
Each Raman spectrum of 2D materials is a unique fin-
gerprint of a sample, shedding light on its crystal and
electronic band structure [64], layer number [65], inter-
layer coupling [66, 67], doping [68], defect density [69],
electron-phonon interaction [70], etc. Moreover, Raman
spectroscopy can be used in-situ during growth to dis-
tinguish a Janus monolayer from a disordered ternary al-
loy [71–74]. Thus, to synthesize high-quality Janus TMD
crystals and unlock the predicted effects and applications
it is crucial to have a detailed study of its vibrational
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2spectrum. However, a comprehensive study of the Ra-
man spectrum of Janus monolayers WSSe and MoSSe is
lacking. Initial experimental measurements have given
limited insight on the Raman spectrum of Janus TMD
monolayers, suffering from incomplete [59] or even incor-
rect [60] assignments of the first-order modes and leaving
all other features unidentified.
In this work, we calculate the phonon band structure
of Janus WSSe and MoSSe monolayers and their phonon
density of states (PhDOS), which we use to predict the
Raman modes and their energies. Then, we measure the
Raman spectra of both materials at room and cryogenic
(10 K) temperature and two excitation wavelengths λex,
closer to and farther from excitonic resonances. By com-
paring theory and experiments, we identify first-order
Raman modes. As the experimental spectra show rich
features arising beyond the calculated first-order pro-
cesses, we then discuss the mechanisms of higher-order
and defect-mediated Raman modes and assign them to
the relevant experimental peaks.
RESULTS AND DISCUSSION
Standard TMD monolayers have D13h space group sym-
metry [75, 76], contrasting strongly with Janus TMD
monolayers, for which rotation C2, improper rotation S3,
and mirror σh symmetries are broken due to the different
chalcogen atoms in the unit cell. This results in a lower-
ing of the symmetry of the crystal to the symmorphic (i.e.
all symmetry operations leave one common point fixed)
C13v space group (C3v point group). The unit cell of Janus
monolayer MXY is formed from three atoms, resulting
in 3×3 = 9 normal vibrational modes at the Γ point (cen-
tre) of the Brillouin Zone, of which three are acoustic and
six are optical. Group theory identifies these vibrations
as the irreducible representations of the C3v point group,
that can be expressed by ΓvibC3v = 3A1(Γ1)+3E(Γ3), where
all of the modes are both Raman and infrared (IR) active.
Here, ΓvibC3v is the irreducible representation of the total
vibration, deduced from the underlying crystal symmetry
using the C3v character table (see Supporting Informa-
tion (SI) Table S1). In-plane vibrations are defined as
E1,2 and out-of-plane as A1,21 , with E
1,2 being doubly
degenerate at the Γ point (modes with the same symme-
try are distinguished by the upper right corner index).
Owing to the conservation of energy and quasi-
momentum q in the crystal, first-order (i.e. one-phonon)
scattering processes are bound to the Γ point of the
Brillouin Zone due to the negligible photon momentum
(q ≈ 0). The atomic displacements corresponding to the
normal vibrational modes at Γ are schematically repre-
sented in Figure 1a with the transition metal atom in grey
and the chalcogens Se and S in orange and yellow, respec-
tively. We use density functional perturbation theory
(DFPT) to predict the phonon modes (see Methods). In
WSSe at the Γ point they occur at 204 cm−1, 282 cm−1,
331 cm−1, and 420 cm−1 (for E1, A11, E
2, and A21, respec-
tively). Analogously, in MoSSe at the Γ point they occur
at 208 cm−1, 293 cm−1, 358 cm−1, and 445 cm−1 (for E1,
A11, E
2, and A21, respectively). This can be seen in the
phonon band structure of monolayer WSSe in Figure 1b
and of monolayer MoSSe in Figure 1c. The three acoustic
phonon branches correspond to the out-of-plane acous-
tic (ZA), the transverse acoustic (TA) and the in-plane
longitudinal acoustic (LA) modes, respectively. The re-
maining six branches represent the out-of-plane optical
(ZO1 and ZO2), the in-plane transverse optical (TO1
and TO2) and the in-plane longitudinal optical (LO1 and
LO2) modes.
In addition to the Γ point, we further examine the
vibrational modes at high symmetry points at the Bril-
louin Zone edge, K and M. At the K point, the crystal
exhibits C3 point group symmetry with irreducible rep-
resentation ΓvibC3 = 3A(K1)+3
2E(K2)⊕3 1E(K3), where
1E1,2,3, 2E1,2,3, and A1,2,3 are all Raman active modes.
On the other hand, at the M point, the crystal exhibits
Cs point group symmetry with irreducible representation
ΓvibCs = 6A
′(M1)+3A′′(M2), where A′1,2,3 and A′′1,2,3 are
both Raman active modes. The character tables for dif-
ferent modes at Γ, K, and M are listed in SI Section S1.
Accompanied to the phonon dispersion in Figure 1b and
1c, the phonon density of states (PhDOS) reveals a high
density of phonons at the flat bands, in particular close
to the high-symmetry points K and M, with all phonons
being Raman active. The dispersion branches of WSSe
in Figure 1b are energetically lower than the dispersion
branches of MoSSe in Figure 1c, thus giving lower energy
of phonons at the same point in the Brillouin Zone. This
mainly occurs due to the larger atomic mass of W, which
makes the vibrations softer, as in the case of regular Mo-
and W-based TMDs [77]. The two materials also differ
in the values of the phonon bandgaps (see SI Section S2).
We measured the Raman spectra of Janus TMD mono-
layers recorded from crystals grown via room tempera-
ture Selective Epitaxy Atomic Replacement (SEAR) [61],
as described in the Methods section. Here, the top-
layer selenium atoms, in already grown WSe2 and MoSe2
monolayers, are replaced by sulfur atoms, to eventually
yield Janus TMD WSSe and MoSSe, respectively. WSSe
was grown on Al2O3, whereas MoSSe was grown on a
Si/SiO2 substrate. We conduct Raman spectroscopy in
a back-scattering configuration, with linearly polarized
excitation and no polarization filtering of the Raman sig-
nal.
Figure 2 shows the Raman spectra of Janus mono-
layer WSSe and MoSSe between 100 and 500 cm−1, col-
lected with a laser excitation wavelength λex of 532 nm
(green curves) and 633 nm (red curves), above the ex-
citonic bandgap at 10 K of both WSSe [61] (∼670 nm)
and MoSSe [59–61] (∼710 nm) (see SI Figure S2). Figure
2a and 2b, show typical Raman spectra recorded from
3FIGURE 1. First-order phonons and phonon band structure of Janus TMD monolayer WSSe and MoSSe. (a)
Schematic representation of the atomic vibrations at the center Γ of the Brillouin Zone. Transition metal, selenium and sulfur
atoms are identified by grey, orange, and yellow, respectively. DFPT calculations of the phonon band structure of WSSe
((b), left panel) and MoSSe ((c), left panel). Each energy dispersion diagram shows three acoustic (ZA, TA, LA) and six
optical (ZO1, ZO2, TO1, TO2, LO1, LO2) phonon branches. The corresponding PhDOS are shown in (b) and (c) (right
panels). Vibrational modes are labeled at the high-symmetry points Γ (E1,2, A1,21 ), K (
1E1,2,3, 2E1,2,3, A1,2,3), and M (A′1,2,3,
A′′1,2,3).
Janus monolayer WSSe at room and cryogenic tempera-
tures, respectively. From the comparison of Raman spec-
tra at 10 K with the calculated PhDOS in Figure 2b and
2c, where the dashed blue lines indicate the calculated
values of Γ phonons, we assign the first-order Raman
modes E1 at ∼208 cm−1 for λex = 633 nm (∼211 cm−1
for λex = 532 nm), A
1
1 at ∼287 cm−1 (∼289 cm−1),
E2 at ∼337 cm−1 (∼339 cm−1), and A21 at ∼426 cm−1
(∼429 cm−1). All predicted first-order Raman modes,
indicated in the spectra by blue arrows, are visible in all
experimental conditions, albeit their intensity is maxi-
mum at 10 K and for λex = 633 nm, which is close to
A exciton resonance (top valence band to conduction
band, see SI Figure S2). The experimental results closely
match the theoretical predictions. For the spectra ac-
quired at λex = 633 nm, we observe a broad background
signal above ∼350 cm−1, stemming from the photolumi-
nescence tail of the material, due to the energetic prox-
imity to the exciton transition. The Raman peaks E1
at ∼204 cm−1 and A21 at ∼420 cm−1 appear to be asym-
metric, which can be attributed to phonon confinement
effects due to imperfect crystal quality [78, 79]. The ex-
perimental spectra also reveal a peak at ∼154 cm−1, as
indicated by grey arrows, which is especially strong at
10 K and λex = 532 nm, and corresponds to the position
of the A′1 mode in the LA branch at the M point. This
mode is expected to be silent in first-order Raman pro-
cesses since its |q| > 0. We can exclude that this peak
is caused by higher-order Raman modes due to its low
energy and, therefore, attribute its appearance to defect-
4FIGURE 2. Raman spectra of Janus TMD monolayers and first-order phonon modes. (a) Room temperature
and (b) 10 K Raman spectra of WSSe at λex = 532 nm (green curves) and λex = 633 nm (red curves). Blue and grey arrows
indicate first-order and defect-activated Raman modes, respectively. (c) PhDOS of WSSe, with the calculated positions of the
first-order Raman modes identified by dashed blue lines. (d)-(e) Corresponding Raman spectra and (f) PhDOS with predicted
first-order Raman modes of MoSSe.
activation that relaxes the q ≈ 0 selection rule [69, 80].
The Raman spectra of Janus monolayer MoSSe are pre-
sented in Figure 2d-f, accompanied by the calculated Ph-
DOS. Analogously to Janus monolayer WSSe, we com-
pare the spectra to the theoretically predicted phonon en-
ergies (Figure 2f, dashed blue lines) and assign the first-
order Raman modes E1 at ∼214 cm−1 for λex = 633 nm,
A11 at ∼294 cm−1 (∼297 cm−1 for λex = 532 nm), E2 at
∼360 cm−1 (∼361 cm−1), and A21 at ∼453 cm−1. Here,
the spectra are strongly affected by the λex. First-order
Raman modes, indicated by the blue arrows, are all vis-
ible only at λex = 633 nm, while barely two peaks are
visible at λex = 532 nm. This arises once λex = 633 nm
(1.96 eV) is close to the B exciton transition (bottom va-
lence band to conduction band, see SI Figure S2), thereby
increasing the Raman cross-section. Again, we gener-
ally observe good agreement between theory and experi-
ment, well within the ∼8 cm−1 error of the calculations.
Also for MoSSe, peaks appear around ∼150 cm−1 and
∼180 cm−1 for λex = 633 nm, as indicated by grey ar-
rows, whose intensity is enhanced at 10 K. Similar to
WSSe, the energy of the peaks in the ∼150 cm−1 range
corresponds to the A′1 mode in the TA branch at the
M point and to the A1 and 2E1 modes in the TA, ZA
branches at the K point. The peaks in the ∼180 cm−1
range correspond to the A′1 mode in the LA branch at
the M point and the 1E1 mode at the K point in the LA
branch. As discussed above, we exclude these peaks to be
the result of higher-order Raman transitions due to their
low energy, and we attribute their appearance to defect-
activation. Interestingly, the presence of defect-activated
Raman modes can be be used to monitor the defect con-
centration in the crystal, in analogy to the D peak in
graphene [80], and as such constitutes precious informa-
tion to assess crystal quality. The peak at ∼274 cm−1
corresponds to the 1E2 mode in the first ZO branch at
K, however, due to the presence of other non-double-
resonant phonon combinations matching the same en-
ergy, its assignment requires further investigation. For
completeness, all first-order Raman modes at Γ are sum-
marized in Table 1.
To explore higher-order Raman peaks, we plot the Ra-
5FIGURE 3. Higher-order Raman processes in Janus WSSe and MoSSe monolayers. Raman spectra of (a) WSSe
and (c) MoSSe at λex = 532 nm (green curves) and λex = 633 nm (red curves). Blue-shaded arrows indicate Raman peaks
corresponding to double-resonant processes with mode assignments following Table 2. Defect-assisted processes are indicated
by dark grey. For comparison, light grey denotes first-order modes. All measurements are taken at 10 K. Black arrows indicate
Raman signal of the substrate. PhDOS of double-resonant phonon modes of (b) WSSe and (d) MoSSe. Dotted lines indicate
energies of double-resonant phonons that correspond to observed Raman peaks indicated by the same color.
λexc
Phonon
mode
WSSe (cm−1) MoSSe (cm−1)
298 K 10 K Theory 298 K 10 K Theory
633 nm
E1 207 208 204 212 214 208
A11 285 287 282 292 294 293
E2 334 337 331 357 360 358
A21 420 426 420 450 453 445
532 nm
E1 206 211 204 - - 208
A11 288 289 282 294 297 293
E2 336 339 331 358 361 358
A21 426 429 420 447 - 445
TABLE 1. List of first-order Raman modes of Janus
monolayers WSSe and MoSSe at all measured exper-
imental conditions and comparison with the DFPT
calculations.
man spectra of Janus monolayers WSSe and MoSSe at
10 K between 100 and 800 cm−1 (Figure 3a and 3c) and
compare them to twice the phonon energy of the Ph-
DOS (Figure 3b and 3d). This is motivated by the role
of double-resonant Raman scattering [81] in higher-order
Raman transitions. In double-resonant Raman scatter-
ing, two phonons with the same momentum but opposite
direction make electrons scatter far from their excitation
point in the Brillouin Zone and then come back to the ini-
tial position, through two resonant and two non-resonant
scattering events, satisfying q ≈ 0. Double-resonant Ra-
man processes in WSSe and MoSSe are indicated by blue
arrows in Figure 3a and 3c. Higher-order scattering pro-
cesses that include phonons from different branches are
also energetically allowed through defect activation that
locally break crystal symmetries (dark grey arrows). A
comprehensive assignment list of the observed higher-
order Raman peaks is given in Table 2. The unassigned
peaks which do not match with double-resonant processes
may be defect-activated, however, further studies are re-
quired to elucidate their nature.
WSSe MoSSe
Peak (cm−1) Assignments Peak (cm−1) Assignments
271† 2TA(K) 476 2TO1(M)
307 2LA(M) 486 2TO1(K)
382† TA+ZO1(K) 501 2LO1(M)
399† LA+LO1(K) 569 2ZO1(M)
418† LA+ZO1(M)
481 2LO1(K)
495 2ZO1(K)
714 2LO2(M)
TABLE 2. List of higher-order Raman modes of Janus
monolayers WSSe and MoSSe, listed by experimental
energy from spectra collected at λex = 633 nm (
†λex =
523 nm) and 10 K.
6CONCLUSION
In summary, we presented a combined theoretical and
experimental study of Raman modes of Janus monolayers
WSSe and MoSSe. Excellent agreement was found for
the frequencies of first- and higher-order Raman modes.
Moreover, we discovered the presence of defect-activation
of otherwise silent Raman modes, which may be used as
markers for assessing crystal quality in further studies.
The recent synthesis of Janus monolayer TMDs adds
an extra degree of freedom to the wider family of two-
dimensional and layered materials, with the presence of
tuneable, strongly interacting dipolar excitons in single-
layer materials as the stepping-stone for further explo-
ration of correlated many-body states, exciton transport
and applications that exploit such features. However,
novel physics and exciting new applications require in-
depth information over materials’ properties and growth
quality, with Raman spectroscopy being a widely utilized
technique in such regard due to its descriptive power and
simplicity of use and interpretation. Our work sets a
general and much-needed reference over the vibrational
properties of Janus monolayers, provides a starting point
for further investigations on the role of phonons in such
materials and enables the benchmarking of future crystal
growth attempts.
METHODS
DFPT
Phonon dispersion relations were calculated using den-
sity functional perturbation theory with the local-density
approximation to the exchange-correlation function [82,
83]. The vacuum distance between neighboring layers
was 20 A˚ to describe isolated layers within the periodic
boundary conditions. Norm-conserving pseudopotentials
and a basis set defined from a energy cutoff of 105 Ry
[84, 85] were used. The first Brillouin Zone was sampled
with a 15×15×1 Monhorst Pack grid.
SEAR
The synthesis of Janus TMDs is carried out in a spe-
cially designed quartz chamber, and a home built induc-
tively coupled plasma system. The plasma chamber con-
sists of a 5-foot long quartz tube with a 1-inch inner diam-
eter suspended off-centered on a Lindberg Blue/M single-
zone furnace. A copper coil with a length ∼1.5 inches
consisting of about five turns were wound around the
quartz tube. The end of the Cu coil is connected to a 100
W tunable RF source (SEREN R101) through a custom-
designed impedance match network. One end of the
quartz tube is connected to an Edwards vacuum pump
while the other end is fitted with a hydrogen supply line,
hydrogen flow rate and the pressure within the chamber
is regulated by means of a capacitance manometer and
a pressure controller. For the synthesis of Janus TMDs,
the reaction chamber is pumped down to a base pres-
sure of 15 mTorr, after which the chamber was purged
with 20 sccm H2 flow, maintaining an operation pres-
sure at 300 mTorr. Plasma was generated with 15 W RF
power, and the visible plasma tail position was marked on
the quartz tube. For the SEAR process to create WSSe,
CVD grown WSe2 was placed 4 cm upstream of marked
visible plasma tail position onto a quartz boat, and 2 g
sulfur was placed 15 cm upstream of the H2 plasma tail.
Plasma treatment lasted for 18 min. For the creation of
MoSSe, the position of CVD-grown MoSe2 and S source
were kept at the same position as WSSe, except the pro-
cessing time was decreased to 8 min because of the lower
Mo-Se bond energy. The SEAR process can also be set up
to create a 2D Janus structure from sulfur-based TMDs
and selenium precursors in a similar fashion by varying
the processing parameters.
Optical Setup
Raman and PL measurements were done using a
custom-made confocal microscope in back-scattering ge-
ometry. The excitation laser beam is focused on the
sample by an objective with N.A. = 0.75 to a diffraction-
limited spot. For cryogenic measurements a He-flow cryo-
stat (Cryovac) was used. The collected light is analyzed
in a spectrometer (maximum point-to-point resolution
∼1.2 cm−1 with a grating 1200/mm lines) coupled to
a Charged-Coupled Device (Horiba). Both incident (ei)
and scattered (es) light polarization vectors are placed in
the xy-plane, which is relevant to account for the Raman
intensity I = |esRei|2 (for the case of no polarization
filtering in the detection path, I = |Rei|2) [63]. Here,
R represents the Raman tensor, which is derived from
the point group symmetry, and alongside the scattering
configuration dictates the selection rules [86, 87] (see SI
Table S4).
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Supporting Information: The Raman Spectrum of Janus Transition Metal
Dichalcogenide Monolayers WSSe and MoSSe
S1. SYMMETRY AND CHARACTER TABLES
Figure S1 shows the Brillouin Zone of the Janus TMDs. The zone centre Γ point has the same symmetry as the
crystal, while the K and M high symmetry points are subgroups with C3 and Cs symmetries, respectively. Tables
S1-S3 list the character table for each of these point groups. Table S4 shows the back-scattering geometry polarization
selection rules.
Γ(C3v)
M(Cs) K(C3)
FIGURE S1. Groups and subgroups for the high symmetry points of the Brillouin Zone of Janus TMDs.
C3v E 2C3(z) 3σv linear functions, rotations quadratic functions
A1 +1 +1 +1 z x
2 + y2, z2
A2 +1 +1 -1 Rz -
E +2 -1 0 (x, y) (Rx, Ry) (x
2 − y2, xy) (xz, yz)
TABLE S1. Character table for point group C3v.
C3 E C3(z) (C3)
2 linear functions, rotations quadratic functions
A +1 +1 +1 z, Rz x
2 + y2, z2
1E +1 +e2pii/3 +e−2pii/3 x+ iy, Rx + iRy (x2 − y2, xy) (yz, xz)
2E +1 +e−2pii/3 +e2pii/3 x− iy, Rx − iRy (x2 − y2, xy) (yz, xz)
TABLE S2. Character table for point group C3.
Cs E σh linear functions, rotations quadratic functions
A′ +1 +1 x, y, Rz x2, y2, z2, xy
A′′ +1 -1 z, Rx, Ry yz, xz
TABLE S3. Character table for point group Cs.
11
A1(LO) A1(TO) E(LO) E(TO)
-Z(XX)Z x - - x
-Z(XY)Z - - - x
-Z(YY)Z x - - x
TABLE S4. Polarization selection rules for first-order modes. The convention A(BC)D indicates A the direction of
propagation of incident beam, B the polarization direction of the incident beam, C the polarization direction of the scattered
light and D the direction of propagation of the scattered light.
S2. PHONON BANDGAPS
Phonon band structure of Janus TMD monolayers (Figure 1b and 1c, main text) reveals the gap of unaccessible
phonons that separates acoustic from optical bands. WSSe and MoSSe exhibit ∆WSSeTO1−LA ≈ 46 cm−1 and ∆MoSSeTO1−LA ≈
24 cm−1 bandgaps, respectively. Forbidden phonon energies occur also between optical bands (phonon bandgaps of
∆WSSeTO2−ZO1 ≈ 46 cm−1 for WSSe and ∆MoSSeTO2−ZO1 ≈ 53 cm−1 for MoSSe).
S3. PHOTOLUMINESCENCE OF WSSe AND MoSSe
FIGURE S2. Photoluminescence spectra of Janus WSSe and MoSSe monolayers at 10 K and 300 K. Laser
excitation wavelength λex = 633 nm is close to A exciton resonance in WSSe (dark blue) and to B exciton resonance in MoSSe
(dark green).
